Mycobacterium tuberculosis (Mtb) can enter the body through multiple routes, 15 including via specialized transcytotic cells called microfold cells (M cell). However, the 16 mechanistic basis for M cell entry remains undefined. Here, we show that M cell transcytosis 17 depends on the Mtb Type VII secretion machine and its major virulence factor EsxA. We identify 18 scavenger receptor B1 (SR-B1) as an EsxA receptor on airway M cells. SR-B1 is required for Mtb 19 binding to and translocation across M cells in mouse and human tissue. Together, our data 20 demonstrate a previously undescribed role for Mtb EsxA in mucosal invasion and identify SR-B1 21 as the airway M cell receptor for Mtb. 22 65 receptor class B type I (SR-B1). SR-B1 is enriched on mouse and human M cells both in vitro and 66 in vivo. Loss of SR-B1 reduces EsxA and Mtb binding to M cells, and prevents Mtb translocation 67 109 HBE/Raji B transwells, we observed that Mtb translocated across Caco-2/Raji B transwells in a 110 T7SS dependent manner (Fig. 1G) . Taken together, these data show that the Mtb T7SS is necessary 111 for both binding to and translocation across M cells in vitro.
Running title: SR-B1 is an airway M cell receptor for Mtb EsxA 23
Introduction 24 Mycobacterium tuberculosis (Mtb), the causative agent of tuberculosis (TB), latently 25 infects roughly one-third of the world's population and causes 1-2 million deaths per year. The 26 current paradigm of acute infection is that after an actively infected person aerosolizes infectious 27 Mtb-containing particles, a naïve individual inhales the bacteria that then traverse the respiratory 28 tree to ultimately be phagocytosed by alveolar macrophages (Churchyard et al., 2017; Cohen et 29 al., 2018) . While this model can account for pulmonary TB, it is insufficient to explain some 30 extrapulmonary forms of TB initiated by oropharyngeal infection and lacking evidence of 31 concurrent pulmonary disease. For example, a disease known as tuberculous cervical 32 lymphadenopathy, or scrofula, represents 10% of all new cases of TB, and frequently manifests 33 without lung involvement (Fontanilla et al., 2011) . Because the oropharynx and upper airway 34 lymphatics drain to the cervical lymph nodes, while the lower airway lymphatics drain to the 35 mediastinal lymph nodes, infection of the cervical lymph nodes by Mtb may not involve the lower 36 airways. Indeed, in the infamous "Lübeck Disaster" where hundreds of infants and children were 37 accidentally orally administered Mtb instead of the attenuated BCG vaccine, the majority 38 developed lymphatic and oropharyngeal TB rather than pulmonary TB (Fox et al., 2016) , 39 highlighting how inoculation via the oropharyngeal route can cause extrapulmonary disease. 40 One potential explanation for the development of lymphatic TB centers upon the mucosa-41 associated lymphoid tissue (MALT) (Brandtzaeg et al., 2008) . Specialized epithelial cells known 42 as M cells overlie the MALT and are able to translocate luminal material to basolateral antigen 43 presenting cells located immediately beneath the M cell (Kimura, 2018) . In this way, M cells can initiate an immune response to pathogens or material found within the lumen (Nakamura et al., 45 2018). 46 Since their initial discovery overlying Peyer's patches of the gastrointestinal tract, M cells 47 have been identified at other mucosal sites. Within the respiratory tract, M cells have been found 48 in the upper and lower airways of both mice and humans (Fujimura, 2000 response to these antigens and bacteria within Peyer's patches (Hase et al., 2009 ). 59 We previously demonstrated that Mtb uses airway M cells as a portal of entry to initiate 60 infection (Nair et al., 2016) . We hypothesized that Mtb may produce a bacterial effector to mediate 61 this process, and that, similar to receptors for Gram-negative bacteria in the gastrointestinal tract 62 (Hase et al., 2009 ), airway M cells may also encode an Mtb receptor. Here we show that Mtb 63 requires the type VII secretion system for translocation in vitro and in vivo. The type VII secretion 64 system effector EsxA is sufficient to mediate this process in vitro through binding to scavenger through M cells in vitro. Using a newly developed explanted human adenoid model, we 68 demonstrate robust expression of SR-B1 on primary human M cells. Finally, we show that Mtb 69 infects primary human M cells on adenoids in a type VII secretion system dependent manner. 70 Taken together, our findings indicate that the interaction of Mtb EsxA with M cell SR-B1 allows 71 Mtb to traverse the airway mucosa to initiate infection. (Nair et al., 2016) . We used the MtbΔeccD1 strain, which lacks 91 the inner membrane pore required for assembly of and protein secretion by the T7SS (Fig. 1A) 92 (Abdallah et al., 2007) . To test if the Mtb T7SS was necessary for M cell binding, we incubated 93 transwells with either mCherry expressing wild-type Mtb (WT Mtb) or mCherry expressing 
99
To test if the Mtb T7SS is necessary to facilitate mycobacterial translocation across M 100 cells, we infected the apical chamber of transwells with either WT Mtb or Mtb∆eccD1 and 101 measured translocation to the basal compartment. As we reported previously (Nair et al., 2016) , 102 WT Mtb translocated across HBE/Raji B transwells to a greater extent than control transwells, 103 while the translocation of the Mtb∆eccD1 strain was significantly reduced (Fig. 1E ). Importantly, 104 the transepithelial electrical resistance (TEER), a measure of epithelial monolayer integrity 105 (Srinivasan et al., 2015) , was stable during the experiment (Fig. 1F ). To further verify that Mtb 106 T7SS is required for bacterial translocation across M cells in vitro, we also utilized an established 107 model of M cell differentiation where Caco-2 cells, a human colonic epithelial cell line, are 108 cultured with Raji B transwells to induce M cell differentiation (Nair et al., 2016) . Similar to Two of the most abundant T7SS secreted proteins are EsxA and EsxB; therefore, we 114 hypothesized that one of these proteins might mediate Mtb binding and translocation. We 115 conjugated recombinant EsxA, EsxB, or glycine (as a control) to fluorescent beads, added the 116 beads to the apical chamber of transwells, and quantified bead translocation to the basal 117 compartment by flow cytometry. EsxA-beads but not control beads translocated across HBE/Raji 118 B transwells ( Fig. 2A ) without disrupting the epithelial monolayer ( Fig. 2B ). EsxA-beads, but not 119 EsxB-beads or control beads, also translocated across Caco-2/Raji B transwells ( Fig. 2C ). 120 To test if the ability of EsxA to mediate translocation was due to direct EsxA binding to M 121 cells, we incubated transwells with recombinant EsxA and performed immunofluorescence 
Genetic disruption of SR-B1 limits EsxA binding to M cells
We next investigated whether SR-B1 is required for EsxA binding to M cells. We EsxA was expressed and purified as described above. EsxA or PBS alone was then 405 biotinylated by the Sulfo-SBED reagent (Thermo 33033) according to the manufacturer 406 instructions and excess reagent was removed using PD-10 columns (GE Healthcare 17-0851-01). 407 1 x 10 7 HBE cells were detached from tissue culture plates using 10 mM EDTA in PBS. Cells 408 were washed, resuspended in HBSS, and incubated with 1.5 µM EsxA or with PBS alone for 2 409 hours at 4°C with gentle agitation. Cells were then washed and exposed to UV light for 30 minutes 410 at room temperature to allow for covalent cross-linking. Cells were lysed with RIPA buffer and 411 lysate was incubated with streptavidin-conjugated magnetic beads (Thermo 88816). Proteins were 412 eluted by boiling and analyzed by SDS-PAGE followed by Western blotting with rabbit anti-SR-413 B1 antibody (Abcam 52629).
414
Mouse NALT/human adenoid immunofluorescence 415 Mouse NALT sections were obtained as previously described (Nair et al., 2016) . Briefly, 416 mouse NALT (after decalcification) and human adenoid specimens were embedded in paraffin, 417 sectioned (5 µm), and mounted on glass slides. Slides were deparaffinized using xylene and ethanol 418 washes followed by heat mediated antigen-retrieval in 10 mM sodium citrate (pH 6.0). 419 Endogenous peroxidase activity was quenched and slides were blocked in 10% donkey serum in 
